Dew plays a vital role in ecosystem processes in arid and semi-arid regions 24 and is expected to be affected by climate warming. Infrared heater warming 25 systems have been widely used to simulate climate warming effects on 26 ecosystem. However, how this warming system affects dew formation has been 27 long ignored and rarely addressed. In a typical alpine grassland ecosystem on the 28
Introduction

44
Dew is considered a vital vegetative water source in semiarid and arid areas 45 (Beysens, 1995; Agam and Berliner, 2006; Wang et al., 2017a) . In such environments, 46 dew plays an indispensable role on plants (Benasher et al., 2010; Zhuang and 47 Ratcliffe, 2012; Oliveira, 2013), biological crusts (Zhang et al., 2009; Fischer et al., 48 2012; Kidron and Temina, 2013), small animals (Steinberger et al., 1989; Zheng et al., 49 2010 ) and plant-associated microorganisms (Agam and Berliner, 2006) . Dew also has 50 significant effects on relative humidity, vapor pressure deficits and nutrient cycling 51 the current study, we only compared ambient and warming conditions. 125
Air temperature and relative humidity probes (VP-3, METER Group, Inc., 126
Pullman, WA, USA) were installed 30 cm above the soil surface within each plot. All 127 data were automatically recorded hourly and stored in a data logger (EM50, METER 128 Group, Inc., Pullman, WA, USA). 129
Dew formation measurements 130
We used three methods to measure dew amount and duration:
(1) Artificial condensation surface: The daily dew production was collected 132 and measured using a preplaced plastic film, 20 cm × 20 cm in size, at each plot 133 (Vuollekoski et al., 2015) . The clean plastic films were weighed and placed at each 134 plot at 20:00 pm (local time) the day before each measurement. At 6:00 am the next 135 morning, the preplaced plastic films were weighed, and the differences in the weights 136 were designated as the dew production (g) for that night. The dew amount (mm) was 137 equal to the dew weight divided by the area of the plastic film. In this study, the dew 138 amounts were measured by this method on sunny and windless days two times per 139
week during the peak growing seasons (from July to September) in 2012 and 2013. 140
(2) In situ dew formation measurements on plants: Dew formation on 141 plants was measured by sampling the outside plots to avoid disturbing the plant 142 community composition of each plot. Similar individuals of the same species were 143 chosen to measure dew formation. For each species, four or five individuals were 144 selected, weighed, measured plant heights and placed into floral foam to prevent 145 wilting the day before measurement and then placed at each plot at 20:00 pm (local 146 time). At 6:00 am the next morning, these plants were weighed after being brought 147 back to the laboratory to attain the total weight. The dew production (g) was equal to 148 the total weight minus the plant fresh weight. At the same time, we scanned the leaf 149 area of plants and finally calculated the dew amount (mm) produced per unit plant 150 area. In this study, the dew amounts were measured by this method on sunny and 151 windless days three times per week during the peak growing season (from July to 152 September) in 2017. 153
(3) Leaf wetness sensors: The dew amount and duration were monitored hourly 154 using leaf wetness sensors (S-LWA-M003, Onset Computer Corporation, Bourne, 155 MA, USA) and a HOBO data logger (H21-002, Onset Computer Corporation, 156
Bourne, MA, USA) at each plot from 2015 to 2017 (Chen 2015). The dew amount 157 was calculated by the fitting relationship between the measured leaf wetness sensor 158 readings and the actual condensed water amount (g). We sprayed water evenly on the 159 leaf wetness sensors to induce water condensation on their surface, recorded the 160 instrument reading, and established the relationship between the condensation amount 161 and the leaf wetness sensor readings. In addition, the simulated solid condensation 162 amount was determined using the same method in a -20 °C refrigerator to establish a 163 relationship curve. We repeated the above steps multiple times to ensure a wide range 164 of leaf wetness sensor readings. The relationship curve between the leaf wetness 165 sensor readings and the condensation amount was fitted (Fig. S1 ), and the relationship 166 was as follows: 167 D = (0.00005 × Rl 2 + 0.0001 × Rl) / S, R 2 = 0.71, p < 0.001, 168
where D is the dew amount (mm), Rl is the leaf wetness sensor reading and S is 169 the area of the leaf wetness sensor, which was 4.7 cm × 5.1 cm. 170
In our study, the former two measurement methods focused on dew amount, 171 while only the leaf wetness sensor method measured the dew duration. The data were 172 automatically recorded hourly, and dew duration was calculated as the number of days 173 for which dew was recorded between 8:00 p.m. and 6:00 a.m. of the next morning 174 during the measuring periods.
Dew formation and aboveground biomass at the species level 176
In total, we measured dew formation at the species level for 10 species. These 177 ten species accounted for approximately 72% of the total community biomass (Liu et 178 al., 2018).We divided these plant species into three functional groups, i.e., grasses 179 The multiple measurement methods showed decreased dew amounts under 210 warming conditions. Warming resulted in average decreases of 91.7%, 83.9% and 211 41.6% in dew amount by the artificial condensation surface method, the in situ dew 212 formation on plants and the leaf wetness sensors, respectively (linear mixed-effects 213 model: P < 0.001; Fig. 1 ). From 2015 to 2017, warming significantly decreased the 214 dew duration by an average of 10.3% (linear mixed-effects model: P < 0.001; Fig.  215 2a). Therefore, warming reduced the total dew formation by not only reducing the 216 daily dew amounts (mm/day) but also the dew duration (days). The results also 217 showed that warming significantly increased the temperature differences (Ta-Tdew) by 218 3.8% (P < 0.001; Fig. 2b ), which made dew formation more difficult. Furthermore, 219 the differences in the dew amount between the control and warming treatments 220 (Dcontrol-Dwarming) showed significant differences at the seasonal scale (Fig. 2c ). The 221 dew amounts under the warming treatment decreased by an average of 0.05 mm (up 222 to 64.5%) during the growing seasons and only decreased by an average of 0.006 mm 223 (only 27.5%) in non-growing seasons (Fig. 2c) . 
Effects of warming on dew amount among different functional groups 234
The total aboveground biomass and dew amounts among each functional group 235 were measured by in situ dew formation measurements on plants in this study. The 236 results showed that different plant functional groups significantly differed in dew 237 formation and warming significantly decreased the dew amount among each 238 functional group (a reduction of 83.5%, 71.6%, 97.6% and 87.0% for sedges, forbs, 239 grasses and all species combined, Fig. 3a ), while it slightly changed the aboveground 240 biomass of different functional groups (Fig. 3b) . Using three distinct measurement methods, our study showed that warming 263 significantly reduces dew amount (Fig. 1) , which may have substantial impacts on 264 plant growth especially during the dry period in the alpine and dryland ecosystems 265 (Stone, 1957 dew point temperature and dew point depression (Fig. 2b) , which makes it more 271 difficult for the air temperature to approach the dew point temperature (Beysens, 272 1995; Jacobs et al., 2006; Mortuza et al., 2014) . Warming can also accelerate the dew 273 evaporation process (Xiao et al, 2013) . Dew droplets lasted for a shorter period of 274 time under warmer temperatures, which also led to a lower dew duration or amount 275 (Xu et al., 2015) . 276
In this study, we found that warming not only reduces dew formation but also 277 changes its seasonal variation (Fig. 2) . Therefore, plants growing under water stress showed that different functional groups had different degrees of dew formation, 291 consistent with our expectations. 292
To date, few studies have investigated how biotic factors (e.g., plant traits and 293 functional groups) affect dew formation. Here, we examined the effects of plant traits 294 (i.e., plant height and aboveground biomass) on dew formation in different plant 295 functional groups (sedges, forbs and grasses) and found that sedges and forbs with 296 shorter heights are associated with less dew than grasses with taller heights under 297 natural conditions (Fig. 3) . Because under ambient conditions, the upper canopy air 298 temperature is lower at night due to this area receiving less land-surface radiation, 299 dew formation occurs earlier in higher leaves, such as those of grasses (Zhang et al., stored within a dense canopy can be preserved for a longer period of time through the 305 reduction in evaporation (Xiao et al., 2013) . 306
Under warming conditions, the aboveground biomass and plant height increased, 307 and the community composition changed with a higher prevalence of grass in the 308 alpine ecosystems (Liu et al., 2018) . Such changes should be beneficial for dew 309 formation based on our findings under ambient conditions (i.e., results from the 310 control plots, Fig. 4a ). However, a substantial reduction in dew formation was 311 observed under the warming treatments ( Fig. 1 and Fig. 2 ). In addition, we found that 312 warming resulted in a lower dew amount on taller plants, in contrast to the results 313 under ambient conditions (Fig. 4) 
